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Abstract. Thanks to recent molecular studies, it was revealed that one of the biggest European beetles, the red-stripped 
oil beetle Berberomeloe majalis (Linnaeus, 1758) (Coleoptera: Meloidae) comprised a complex of nine different species. 
To improve the knowledge of this threatened group, chorology of the newly described microendemic B. payoyo Sánchez- 
Vialas et al., 2020 is updated in pursuit of a better knowledge and future adequate conservation strategies. 252 field 
sampling events were performed between 2012-2021. 668 specimens were studied. In the framework of the study, two citi- 
zen science projects were carried out. The first detailed distribution map and notes about the species” biology are provided. 
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INTRODUCTION 


Berberomeloe Bologna, 1989 is an endemic genus from 
the Ibero-Maghrebian region and includes some of the 
biggest European, which can reach a body length of up 
to 7 cm (Bologna 1989; Garcia-Paris 1998; Cortés-Fos- 
sati 2018a). This genus has remained unchanged for 
thirty years including two species, the red-stripped oil 
beetle Berberomeloe majalis (L., 1758) and B. insignis 
(Charpentier, 1818). Recent molecular studies focused on 
B. majalis revealed a complex of nine morphologically and 
phylogenetically distinct species (Sanchez-Vialas et al. 
2020). Among these nine species the new south-western 
Iberian microendemic B. payoyo Sanchez-Vialas et al., 
2020 (Fig. 1) was described, being distributed in Cádiz 
province, Málaga, and Granada provinces (Andalusia, 
Spain) (Sánchez-Vialas et al. 2020). Currently, there are 
hardly any data and only scarce studies available about 
the natural history and biology of B. payoyo (Cortés-Fos- 
sati 2018a, b; Cortés-Fossati & Cervera 2018; Sánchez- 
Vialas et al. 2020). However, this information is crucial 
to design appropriate and specific conservation strategies. 
In this case — even though no Spanish oil beetle species is 
protected under any legal framework — 1t was important 
to consider that the only catalogued species within the 
genus, Berberomeloe insignis, was classified as vulnera- 
ble (VU) in the Andalusian and Spanish Red Book of In- 
vertebrates (Barea-Azcón et al. 2008; Verdú et al. 2011). 
The species 1s affected by several impacts, mainly related 
with environment transformation (García-París & Ruiz 
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2008, 2011). These threats are observed for B. payoyo 
in some areas (Cortés-Fossati 2018a, b; Cortés-Fossati 
and Cervera 2018, sub B. majalis) but the information 
we have on the species is outdated and scarce , including 
its distribution range. Up-to-date distribution information 
and a georeferenced map are key tools in conservation 
(D’ Amen et al. 2013; Della Rocca et al. 2020), especially 
in the cases of complexes of closely related species. This 
could reveal potential cases of sympatry or allopatry and 
clarify the geographic distribution ranges of each of the 
species of the B. majalis complex, improving knowledge 
and contributing to decrease the Wallacean shortfall, i.e., 
the lack of knowledge about the geographical distribu- 
tion of species (Lomolino 2004; Cardoso et al. 2011). 
Therefore, the aim of this study is to provide a better un- 
derstanding of the chorology and ecology of the Iberian 


B. payoyo. 


MATERIAL AND METHODS 


The dataset has been generated by 1) own sampling cam- 
paigns; 2) citizen science programs, and 3) available lit- 
erature, from the oldest reported observation to the most 
recent, covering the period 1921-2021. 

1) Field sampling campaigns were carried out from 
2012 to 2021, from January to August to safely cover the 
time interval in which imagos of the species are present 
in the field (from March to July in southern Spain: Bolo- 
gna, 1989). Specimens were identified according to Sán- 
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chez-Vialas et al. (2020). The species presents distinctive 
morphological and biogeographical characteristics that 
allowed all individuals to be identified (Sánchez-Vialas 
et al. 2020). The first 1s that the taxonomic identity of the 
species is very clear in most of the area it occupies, be- 
ing restricted to the south-west of the Iberian Peninsula. 
Secondly, B. payoyo presents among other characteristics 
(for more details, see identification key and description in 
Sánchez-Vialas et al. 2020) narrow, coloured post-tergal 
bands (Fig. 1A), poorly impressed punctures on the head 
(Fig. 1B), and anterior angles of the pronotum are not ex- 
panded (Fig. 1C). These features differentiate B. payoyo 
from the other species of the complex present in eastern 
Andalusia (B. indalo Sanchez-Vialas et al., 2020 and 
B. tenebrosus Sanchez-Vialas et al., 2020). Specimens 
that could not be reliably determined based on their mor- 
phology, as happened in four cases, were excluded from 
the study. 252 samplings events were carried out in 86 
different sampling points. 668 specimens were studied 
in the field in 29 different locations. All populations/re- 
cords were georeferenced. The number of individuals, 
colouration of post-tergal bands, and biological /be- 
havioural observations were also noted. 

2) Additional observations were received by the au- 
thor by mail, or were uploaded by citizens to two dif- 
ferent Citizen Science Programs in which the author 
was administrator (“Proyecto Biodiversidad de Anda- 
lucia”, hosted in collaboration with iNaturalist.org and 
the “Proyecto Meloidata”, hosted in collaboration with 
Observation.org), and were also included in the database. 
Likewise, the veteran Spanish nature conservation asso- 
ciation Biodiversidad Virtual (biodiversidadvirtual.org) 
provided their observations concerning the species from 
its internal database. Only those observations were con- 
sidered, in which the specimens could be reliably identi- 
fied from photographs that had georeferencing and date. 

3) The only seven publications that provided loca- 
tion data were considered for this study (Bologna 1989; 
García-París 1998; Pérez-Moreno et al. 2003; Garcia- 
Paris et al. 2003; Percino-Daniel et al. 2013; Cortés-Fos- 
sati 2018, Sánchez-Vialas et al. 2020). In most cases, due 
to the age of these works, there was not a very high spa- 
tial precision in them, so the locations have subsequently 
been referenced estimating their position with the data 
provided in these works. On the other hand, in works be- 
fore 2020, only locations have been considered in which, 
according to Sánchez-Vialas et al. (2020), the taxonomic 
identity of the species B. payoyo is clear, that is, the prov- 
ince of Cadiz, and certain areas of Malaga and Granada. 


The resulting distribution map was generated with 
software QGIS ver. 3.16.1-Hannover (GIS Develop- 
ment Team 2020) using a EPGS:4326-WGS 84 co- 
ordinate system and the layers “Terrestrial 10x10 km 
grid” from Ministerio para la Transición Ecológica y el 
Reto Demográfico (miteco.gob.es) and “Líneas límite 
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provinciales” from the Instituto Geográfico Nacional 
(centrodedescargas.cnig.es). In a complementary way, 
notes about ecology and conservation of the populations 
studied were registered. 


RESULTS & DISCUSSION 


An updated chorology of the species is provided based on 
154 different locations (Appendix: Table S1), allowing 
to establish a well-represented distribution map, since a 
large part of its potential distribution area has been cov- 
ered (Fig. 2). This total number has been formed by data 
from fieldwork, citizen science and literature. During 
field sampling, the species was present in 29 locations 
of 86 sampled, belonging to 14 different municipal dis- 
tricts. Citizen science programs functioned satisfactorily, 
obtaining 84 valid observations from this source, belong- 
ing to 84 different locations. It could be noted that, es- 
pecially in rural areas, villagers generally have a good 
knowledge about genus Berberomeloe, a phenomenon 
already observed for the Cadiz region (Cortés-Fossati 
2018a, Cortés-Fossati & Cervera 2018) and for the Ibe- 
rian Peninsula (Garcia-Paris et al. 2016) probably due to 
the ethnopharmacological uses that the hemolymph of 
these animals has historically developed (Percino-Daniel 
et al. 2012). This fact may be the main reason why this 
program has given reliable results. Finally, the literature 
review provided 41 locations, only eight of them georef- 
erenced. 

According to previous literature (Bologna 1989; 
Garcia-Paris 1998; Cortés-Fossati 2018a, b) Berber- 
omeloe payoyo is a diurnal xerophilous species, inhab- 
iting diverse Mediterranean habitats (see Sánchez- Vialas 
et al, 2020), being also distributed in suburban landscapes 
with degraded vegetation (Cortés-Fossati 201 8a, b). Nev- 
ertheless, the species seemed to have preference on open 
areas, steppe lands and meadows with presence of bare 
soil patches and not very dense, pioneer vegetation where 
females oviposit (Cortés-Fossati 2018; Fig. 3). Here, its 
presence can be massive (up to 200 individuals registered 
in 0.27 ha in a single day). During evening time individu- 
als have been observed on several occasions to leave the 
foraging area to hide under leaf litter or grass in areas of 
denser vegetation where they spend the night (pers. obs.). 
Adults are present in the field from the end of February 
to mid-July, being very rare outside this period (e.g., one 
single adult record in January cited by Sánchez-Vialas 
et al. 2020). Highest abundance occurred between end 
of March and end of May (Fig. 4). Earliest oviposition 
was observed at the end of March (03/21/2017 in Puerto 
Real). Offspring hatched between 20 and 26 days later 
(three replicates carried out in March 2014, March 2017, 
and May 2017 in the laboratory in translucent 10L terrar- 
iums in sand substrate with natural conditions of light, 
humidity, and temperature). Characteristic of first instar 
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Fig. 1. Berberomeloe payoyo Sánchez-Vialas et al., 2020. A. Imago from Puerto Real, Cádiz. Dorsal view. B. Pronotum. C. Head 
front view, with characteristic punctures. D. First instar larva in dorsal (I), ventral (IT) and lateral view (III). Instars were damaged 


during collection, lacking their terminal long chaetae, partially visible in IH. 
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Fig. 2. Distribution of Berberomeloe payoyo composed with data from sampling campaigns, citizen science records and literature 


records. 
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Fig. 3. Typical environment where the species seems to have 
preference, consisting of open areas with no dense vegetation 
(Medina Sidonia, Cádiz). 


larva (Fig. 1D) corresponds to the description made by 
Bologna (1989) for the larvae from the B. majalis com- 
plex, not observing appreciable differences. 

Based on the findings, 1t is also possible to conclude 
the absence of this species in the coastal strip and marshy 
ecosystems, at least, in tidal influence areas and beach 
sand substrate (after 113 samplings and studying all the 
data provided by third parties, absent in the tidal zone 
and marshes of Algeciras, Barbate, Cádiz, Chiclana de 
la Frontera, Chipiona, Conil de la Frontera, Puerto Real, 
Puerto de Santa María, Sanlúcar de Barrameda, Tarifa). 


J F M A 


As expected, no sympatry cases with other Berberomeloe 
species were detected in Cadiz, but a genetic study of the 
possible contact areas is necessary, in this case, the limit 
zone of distribution in the east, since there may be cases 
of introgressive hybridization that do not allow the in- 
dividuals to be correctly identified morphologically, and 
even, hybrid populations may be present. 

Intraspecific variation of the populations was detected, 
in terms of the post-tergal band colouration, which can 
range from light orange to reddish orange and even ver- 
milion red, the orange-coloured form being probably the 
most common in Cádiz province (Appendix: Table S2,- 
Fig. S2). No populations with mixed specimens of dif- 
ferent band colours have been detected. No completely 
black morphotype specimens were observed. 

According to personal observation, imagos feed on 
leaves of different pioneer and herbaceous plants species 
as well as young shoots. However, they seem to show 
preference on flower petals of certain plants species 
such as those of the genus Echium L. (Boraginaceae). 
Throughout this study, also repeated feeding on diverse 
Asteraceae (highlighting Carduus L., Galactites Mo- 
ench, and Pallenis Cass), and on Oxalis pes-caprae L. 
(Oxalidaceae) has been observed. Berberomeloe payoyo 
has also been observed feeding on Erodium L’ Hér. ex 
Aiton (Geraniaceae), Plantago L. (Plantaginaceae) and 
Lysimachia (L.) U. Manns and Anderb. (Myrsinaceae). 
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Fig. 4. Phenology of imago of Berberomeloe payoyo, built from the database generated for the study. Literature or citizen science 
data that lacked the number of observed individuals by date have been plotted as n = 1. 
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No studies have been conducted on the conservation 
status of the species. However, data collected during 
this work suggest that populations near cities undergo 
a negative anthropogenic pressure. The ecosystems of 
the Cadiz and Málaga provinces are highly transformed 
and fragmented, except for some well-preserved natural 
cores such as Grazalema, Los Alcornocales or Sierra de 
las Nieves Natural Parks. Agriculture and an aggressive 
urbanistic process occupies most of the area, increasing- 
ly taking ground in its development over the years. In 
this way, in Cádiz it is very frequent to observe popula- 
tions of B. payoyo located on croplands and peri-urban 
regions with a clear degree of deterioration (Cortés-Fos- 
sati 2018a). Totally or quasi-isolated populations due to 
human infrastructures have been observed (e.g., diverse 
populations in Chiclana de la Frontera, Puerto Real, Jer- 
ez de la Frontera, Sanlúcar de Barrameda) since the spe- 
cies has a very low dispersal rate and a low capacity to 
colonize new areas (García-Paris 1998; Sánchez-Vialas 
et al. 2020). Use of steppe lands or zones dominated by 
colonizing pioneer r-strategist plant species as uncon- 
trolled waste dumps, urban pressure, and the agricultural 
fields as well as the use of chemicals are probably af- 
fecting populations, threats already proposed as impacts 
for other Meloidae (García-París & Ruíz 2008a, b, 2011; 
Ruíz & Garcia-Paris 2008a, b). In these zones, popula- 
tions seem degraded and with lower population densities. 
Also, road kills have been observed very frequently, a 
phenomenon also observed for the Madrilenian Berber- 
omeloe populations (García-París et al. 2006; pers. obs.). 
Even possible local extinction of some populations has 
been observed during this work. In 2012, an expansion 
to a mega commercial area was carried out in Jerez de 
la Frontera (Area Norte and Area Sur, see Appendix: Ta- 
ble S1). The species has no longer been observed there 
since 2016, also not appearing again in the adjoining crop 
fields. Moreover, a population located in a cropland in 
Torre del Puerco (see Appendix: Table S1), completely 
disappeared in 2017 after changes in land use in the area. 
However, geographical situation of this population sug- 
gests it could be derived from another nucleus, located on 
a semi-natural shrubland in front of the sampling point, 
found behind several linear structures that fragment the 
area (two walkways and a road). So, if transformation 
will not continue, there could be a possibility that the 
beetle will return to the area. Finally, during 2017, in 
Puerto Real: Parque Entrevias (see Appendix: Table S1), 
the species apparently disappeared after diverse human 
interventions, e. g., illegal deposit of debris and the in- 
stallation of a pipeline that flooded the study area. As of 
2018, a large decline in number of individuals was ob- 
served. After that season, no specimen has been observed 
in the area. However, there are no data on dynamic pop- 
ulations that allow calculating possible regressions or the 
real status of the species, so it would be necessary to car- 
ry out studies focused on conservation ecology. 
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CONCLUSIONS 


Berberomeloe payoyo Sanchez-Vialas et al., 2020 is a 
microendemic restricted to the south-west of the Iberian 
Peninsula that is well represented throughout its area of 
distribution. Information collected provides an update on 
the distribution of B. payoyo and some ecological notes 
that improve the knowledge about the species. The infor- 
mation regarding its ecology and biological cycle seems 
to fit very well to what was already stated by Bologna 
(1989) when the genus was described (Bologna 1989; 
Garcia-Paris 1998; Garcia-Paris et al. 2003; Cortés-Fos- 
sati 2018). At least, peri-urban populations seem to suffer 
from negative human impacts, e.g., habitat fragmentation 
and change in land use. Future works on the conservation 
ecology of the species are needed. 
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APPENDIX I 


(electronic supplement, available at www.zoologicalbulletin.de) 


Table S1. Location dataset composed by data from field work 
(F), citizen science programs (CS) and Literature (L: authors, 
year). Dates indicated in intervals pertaining to the field cam- 
paings represent a sustained work in the period between Janu- 
ary and August of those years. 


Table S2. List of specimens studied in the field in which the 
color of the banding was noted. The observations are divided 
between two classes, Orange (O) which is represented on the 
map with orange dots and Red (Red) represented on the map 
with red dots. Only those individuals from the sampling cam- 
paigns were included in the study as the colors could not be 
standardized from photographs provided by third parties. 


Fig. S2. Mapping of specimens studied on field divided by co- 
louration in the post-tergal banded pattern. The observations 
are divided between with orange dots (populations with orange 
bands and black dots (populations with red bands) represented 
on the map with red dots. Only those individuals from the sam- 
pling campaigns and Cortés-Fossati, 2018 were included in the 
study as the colors could not be standardized from photographs 
provided by third parties. According to citizen science data, 
which have not been taken into account in the plot because it 
cannot be corroborated — since despite having testimonies and 
photos the colors have not been normalized with a scale — the 
red individuals would be confined to the northern part of the 
province and the southern part of the same Strait Zone), leav- 
ing the central strip of the province dominated by populations 
of orange coloration, thus being probably the most widespread 
coloration. 
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